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(54) Waveguide type wavelength multiplexing/demultiplexing module 



(57) In a waveguide type wavelength multiplex- 
ing/demultiplexing (WDM) module, a wavelength multi- 
plexing/demultiplexing function can be realized with a 
half length of the conventional directional coupling 
device. The waveguide type WDM module is comprised 
of : a common waveguide for conducting first signal light 
having a first wavelength and second signal light having 
a second wavelength; common light input/output means 
coupled to the common waveguide; a substrate contain- 
ing a WDM unit for multiplexing/demultiplexing the first 
signal light and the second signal light; a first waveguide 
for conducting the first signal light; first light input/output 
means optically coupled to the first waveguide; and sec- 
ond light input/output means for inputting/outputting the 
second signal light. The WDM unit includes a directional 
coupling type WDM device constituted by two sets of 
waveguides connected to the first waveguide and the 
common waveguide respectively. The directional cou- 
pling type WDM device is comprised of: a first edge sur- 
face perpendicular to a waveguide for constituting a 
directional coupling unit at a position equal to a half of a 
complete coupling length with respect to the first signal 
light in the directional coupling unit; and wavelength 
selecting means arranged at the first edge surface, for 
reflecting the first signal light and for passing there- 
through the second signal light; and the second light 
input/output means is comprised of coupling means for 
optically being coupled to the second signal light at the 
first edge surface. 
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Description 

The present invention is related to a waveguide 
type wavelength multiplexing/demultiplexing (WDM) 
module employed in an optical communication, in par- 
ticular, a wavelength multiplexing transmission. 

A light transmission system for wavelength-multi- 
plexing light having a plurality of wavelengths different 
from each other owns various merits that a transmission 
capacitance can be increased, and a bi-directional light 
transmission can be performed. The wavelength-multi- 
plexed light transmission system requires the WDM 
module for wavelength-multiplexing a plurality of signal 
light to transmit/receive the wavelength-multiplexed sig- 
nal light. On the other hand, various structures of the 
WDM modules have been conventionally proposed and 
developed. Among these conventional WDM modules, 
waveguide type modules are suitable for compactness 
and mass production. One of the conventional 
waveguide type WDM module is disclosed in Y. Yamada 
et al., "A Hybrid Integrated Optical WDM Transmit- 
ter/Receiver Module for Optical Subscriber Systems 
Utilizing a Planar Lightwave Circuit Platform" OFC '95 
PD12-1 (1995). 

As shown in this publication, the conventional 
waveguide type WDM module employing such a struc- 
ture that the filter for passing therethrough one light and 
for reflecting the other light is arranged at the Y-branch- 
ing unit of the Y-branching buried type waveguide 
formed in the transparent substrate such as a glass 
plate. In the conventional WDM module, one light with 
the wavelength of M entered from the fiber to the com- 
mon waveguide is reflected by the interference filter, 
and then the reflected light is coupled with the separat- 
ing waveguide to be entered into the fiber. The other 
light entered from the fiber into the multiplexing 
waveguide passes through the interference filter, and 
then is coupled to the common waveguide to be entered 
into the f foer. 

However, the waveguide provided on the reflection 
side is necessarily manufactured as the multi-mode 
waveguide, and also the fiber cannot be used except for 
the fiber exclusively used to project the light in the con- 
ventional waveguide type WDM module. As a result, it 
could not constitute two-wavelength wavelength-multi- 
plexing transmission module. 

Under such a structural reason, this conventional 
module is limited to a bi-directional transmission/recep- 
tion module, but could not be applied to other utilization. 
Also, since the entrance of the light which is separated 
and then is coupled to the waveguide is controlled by 
the incident angle of the light entered into the interfer- 
ence filter along the inclination direction, there is a prob- 
lem that very high precision is required in manufacturing 
of the groove used to insert the interference filter into 
this groove. This severe requirement may cause lower- 
ing of the yield when the WDM device is formed on the 
waveguide substrate. 

An object of the present invention is to provide a 



widely applicable waveguide type WDM module which 
can be manufactured in a simple manner. 

A waveguide type WDM module, according to an 
aspect of the present invention, is comprised of a first 
5 waveguide for conducting first signal light with a first 
wavelength; a common waveguide for conducting sec- 
ond signal light having a second wavelength and the 
first signal light; a substrate containing a light synthesiz- 
ing/separating unit for multiplexing/demultiplexing said 

10 first signal light and said second signal light; a first opti- 
cal fiber optically coupled to the first waveguide; a com- 
mon light input/output fiber coupled to the common 
waveguide; and a second optical fiber for inputting/out- 
putting the second signal light. 

is In this case, the WDM unit corresponds to a direc- 
tional coupling type WDM device constituted by two sets 
of waveguides connected to the first waveguide and the 
common waveguide respectively. The directional cou- 
pling type WDM device has an edge surface perpendic- 

20 ular to at a position equal to a substantially half of the 
directional coupling type WDM unit along a longitudinal 
direction thereof. The second optical fiber is optically 
coupled to the second signal light at the edge surface. 
The substrate is arranged at the edge surface, and 

25 is comprised of a wavelength filter for reflecting the first 
signal light and for passing therethrough the second sig- 
nal light. In the directional coupling type WDM device, 
the length of the WDM unit is substantially equal to a 
complete coupling length with respect to the second sig- 

30 nal light. The second optical fiber is optically coupled to 
the waveguide connected to the first waveguide at an 
edge portion. 

Concretely speaking, portions of two sets of light 
waveguides are positioned close to each other on a sili- 

35 con substrate. A waveguide is formed on the silicon 
substrate, and a directional coupling type WDM device 
is formed on this waveguide, which multiplexing/demul- 
tiplexing light with a first wavelength of M and light with 
a second wavelength of A2. The WDM unit is cut away 

40 perpendicular to an optical axis of the waveguide at a 
position equal to a half of the complete coupling length 
with respect to the wavelength of X1 , and an edge sur- 
face of this WDM unit is made of a mirror surface. 

A filter is formed on the edge surface, which may 

45 pass therethrough the light with the wavelength X2 and 
may reflect the light with the wavelength M . A V-shaped 
groove is formed in the edge portion where the filter has 
been formed in such a manner that when the optical 
fiber is arranged through the filter, the optical axis of the 

so optical fiber is made coincident with the optical axis of 
one-sided waveguide within two sets of waveguides 
which are approximated to each other in the WDM unit. 
Similarly, another V-shaped groove is formed in one 
edge portions of two sets of light waveguides in such a 

55 manner that the optical axis of the light waveguide is 
made coincident with the optical axis of the optical fiber. 
The optical fiber is arranged in the V-shaped groove 
formed in the edge portions of the three waveguides, 
and then is connected to the transmission path. 
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In accordance with the waveguide type WDM mod- 
ule of the present invention, two sets of waveguides are 
approximated to each other, so that the directional cou- 
pling type WDM device is formed. This WDM device is 
cut away perpendicular to the waveguide at a position 
equal to a half of the complete coupling length with 
respect to the wavelength XI, and the WDM unit is 
formed therein. Accordingly, at the edge surface where 
the filter is fabricated, the light having the wavelength X2 
entered from the transmission path connected to such a 
waveguide that no optical fiber is arranged will pass 
through the waveguide. While the power of this light is 
transferred to another waveguide located close to the 
WDM unit, this light reaches the surface of the filter and 
thereafter passes through this filter, so that this light is 
entered into the optical ffiber to be conducted to the 
transmission path. 

On the other hand, the light with the wavelength of 
M entered from the transmission path reaches the filter 
of the edge portion and is reflected by this filter, while 
the power of this light is gradually transferred to the 
WDM unit after passing through the waveguide. In the 
WDM unit, the power of this light is completely trans- 
ferred to the waveguide provided on the optical fber 
side connected to the other transmission path, and then 
is conducted to the transmission path. With the above- 
described arrangement, a WDM module is arranged 
such that the transmission path 1 is used for the wave- 
length XI + wavelength A2, the transmission path 2 is 
used for the wavelength A,1 , and the transmission path 3 
is used for the wave length X2. 

While employing the above-described structure as 
a basic structure. WDM units are successively arranged 
at the edge of one waveguide, so that the wavelengths 
to be multiplexed may be expanded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following detailed descriptions when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 schematically indicates a structure of a con- 
ventional waveguide type WDM module; 

Fig. 2 schematically represents a structure of a 
waveguide type WDM module according to a first 
% embodiment of the present invention; 

Fig. 3 schematically indicates a structure made 
* when the waveguide type WDM module of the first 

embodiment of the present invention is applied to 
the unidirectional wavelength multiplex transmis- 
sion; 

Fig. 4 schematically shows a structure made when 
the waveguide type WDM module of the first 



embodiment of the present invention is applied to 
the bi-directional wavelength multiplex transmis- 
sion; 

5 Rg. 5 schematically represents a structure of a 
waveguide type WDM module according to a sec- 
ond embodiment of the present invention; 

Rg. 6 schematically represents a structure of a 
10 waveguide type WDM module according to a third 
embodiment of the present invention; and 

Rg. 7 schematically represents a structure of a 
waveguide type WDM module according to a fourth 
15 embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 Before describing structures of waveguide type 
WDM modules according to the present invention, one 
conventional WDM module will now be explained for a 
better understanding of the inventive idea of the present 
invention. 

25 Fig. 1 schematically illustrates a structure of one 
conventional waveguide type wavelength multiplex- 
ing/demultiplexing module. 

In Fig. 1, buried type waveguides 14, 15, 16 are 
formed in a transparent substrate 13 such as a glass 

30 plate. Among these buried type waveguides, the 
waveguides 14 and 15 correspond to single-mode 
waveguides under using light wavelengths, whereas the 
waveguide 16 corresponds to a multimode waveguide. 
The waveguides 14, 15, 16 are positioned in contact 

35 with short edges of the substrate 13 near these short 
edges at a right angle. The waveguide 14 is coupled to 
the waveguide 15 by a straight waveguide 24 near a fil- 
ter insertion groove 17. The groove 17 separates the 
portion of this straight waveguide 24, and an interfer- 

40 ence filter 1 8 is inserted into the groove 1 7. 

The waveguide 16 is such a waveguide having a 
section larger than a mirror image of the waveguide 14 
with respect to a surface normal line of the filter 18. This 
waveguide 16 is not conducted with the waveguide 14, 

45 but is terminated just before the waveguide 14. Also, an 
outermost layer portion of this waveguide 14 is made of 
a straight boundary which cannot be substantially influ- 
enced by the waveguide 1 6. As the interference filter 1 8, 
an interference filter is employed which may reflect light 

so having a wavelength of "A.1 " and may pass light having 
a length of "X2". 

As indicated by arrows in the above-described con- 
ventional WDM device, the light having the wavelength 
of XI entered incident upon the common waveguide 14 

55 from a fiber 21 is reflected on the interference fitter 18, 
and the reflected fight is coupled to the light separating 
waveguide 16 to thereby be entered into another fiber 
23. The light having the wavelength of A2 entered inci- 
dent upon the optical multiplexing waveguide 15 from 
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another f foer 22 is transmitted through the interference 
filter 18, and then the transmitted light is coupled to the 
common waveguide 14 to thereby be entered into the 
fiber 23. As previously explained, the waveguide type 
WDM device is constructed in such a manner that this 
conventional WDM module is applicable to such a sys- 
tem the single mode optical fiber is employed in the 
transmission path. 

Since the light separating waveguide 16 is used as 
the multi-mode waveguide having such a larger section 
than the mirror image of the common waveguide 14 
related to the surface normal line of the filter 18 in the 
above-described prior art module, the fiber 23 cannot 
be utilized as the fiber other than the fiber exclusively 
used to project the light. Therefore, it is not possible to 
use this conventional module as such a WDM module 
that the fiber 22 and the fiber 23 are used to enter the 
light, and the fiber 21 is used to project the light. There 
is another problem that since the light separating 
waveguide 16 is the multi-mode waveguide, the trans- 
mission range (band) becomes narrow and this WDM 
module is not suitable for a long distance transmission. 

As a result, this conventional module is only limited 
to a bi-directional transmit/receive module, and can be 
hardly applied to other use modes. Also, the light having 
the wavelength of VI entered from the common 
waveguide 14 is reflected on the interference filter 18 
and then is entered into the light separating waveguide 
16, and the light entered incident on the separating 
waveguide 16 is controlled based upon the inclination 
incident angle to the interference filter 18. Accordingly, 
there is another problem that strictly high precision is 
required in manufacturing of the groove for inserting 
therein the interference filter. This severe requirement 
may cause lowering of the yield when the conventional 
WDM devices are manufactured. 

Fig. 2 schematically shows a structure of a 
waveguide type WDM module according to a first 
embodiment of the present invention. Two sets of 
waveguides are provided close to each other so as to 
constitute a directional coupling type WDM unit 4, and 
these waveguides are a waveguide 1 1 connected to a 
transmission path 1, and a waveguide 12 connected to 
a transmission path 2. This directional coupling type 
WDM unit 4 is cut away perpendicular to the 
waveguides at a position equal to a half of a complete 
coupling length with respect to the wavelength "VT. 

At an edge surface 5, a filter 6 is formed which may 
pass therethrough the light having the wavelength of X2 
and may reflect the light having the wavelength of X1 . A 
V-shaped silicon groove is formed on the side of the 
waveguide 12 of the edge surface 5 where the filter 6 is 
formed. Then, an optical fiber 1 0 is mounted without any 
optical adjustment by making an optical axis of the opti- 
cal fiber 10 coincident with an optical axis of the 
waveguide 12, while using this V-shaped groove as a 
guide. Similarly, V-shaped silicon grooves are formed in 
one-sided edge portions of two sets of waveguides 1 1 
and 12. Then, the optical fibers 8 and 9 are mounted 



without any adjustments by making optical axes of the 
optical fibers 8 and 9 coincident with the optical axes of 
the waveguides 1 1 and 12. 

The waveguides own simple structures by position- 

s ing portions of the two waveguides close to each other. 

As to the WDM unit, in such a case that a core size of • 
the waveguide is selected to be 4 \im, a refractive index 
of a cladding is selected to be 1 .469, a relative index dif- 
ference is selected to be 0.25%. and a distance 

10 between the adjoining waveguides is selected to be 10 
urn. a half of the complete coupling length becomes 
approximately 4.5 mm while a wavelength of a light 
emitting element is selected to be 1 .31 *im. Also, in the 
case that a radius curvature of the waveguide is 

15 selected to be 1 0 mm. and an interval between two sets 
of the waveguides on the side of the transmission paths 

I and 2 is selected to be 2 mm, a length of the 
waveguide up to the WDM unit becomes approximately 
8.7 mm. When a length of the V-shaped groove for 

20 mounting the optical fiber is selected to be 4 mm, a 
length of a waveguide substrate becomes 21 .2 mm. 

The light having the wavelength of 12 entered from 
the transmission path 1 passes through the waveguide 

I I and then reaches the WDM unit 4. While transferring 
25 the power to the waveguide 1 2 gradually approximated 

with this light by way of the mode coupling, the light will 
reach the edge portion of the waveguide where the filter 
6 is formed. At this waveguide edge portion, this light 
having the wavelength of X2 passes through the f ilter 6 

30 arranged at the waveguide edge portion and then is 
entered into the optical fiber 1 0 so as to be conducted to 
the transmission path 3. 

On the other hand, the light having the wavelength 
of X1 entered from the transmission path 1 passes 

35 through the waveguide 1 1 and then reaches the WDM 
unit 4, and thereafter is reflected by the filter 6 provided 
in the rear edge surface. Since the WDM unit 4 is equal 
to a half of the complete coupling length with respect to 
the wavelength of VI, the reflected light having the 

40 waveform of M is completely transferred to the 
waveguide 12 and can be propagated to the transmis- 
sion path 2. With the above-described arrangements, 
such a WDM module that the transmission path 1 is 
equal to the wavelength A.1 + the wavelength A2, the 

45 transmission path 2 is equal to the wavelength A,1 , and 
the transmission path 3 is equal to the wavelength X2. 

Fig. 3 schematically shows a structure of a 
waveguide type WDM module according to an embodi- 
ment of the present invention, and indicates that signals 

so are transmitted along the same direction. Since the light 
incident direction to the transmission path may be 
reversed to the above-explained light incident direction, 
the light may be entered from the transmission paths 2 
and 3 and the light may be projected from the transmis- 

55 sion path 1, so that this module may be utilized as a 
WDM module. 

Hg. 4 schematically represents a structure of a 
WDM module in such a case that the waveguide type 
WDM module of the present invention is applied to a bi- 
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directional wavelength multiplexing transmission. Since 
the light having the wavelength of XI is entered from the 
transmission path 2 and then projected from the trans- 
mission path 1 and the light having the wavelength of X2 
is entered from the transmission path 1 and then pro- 5 
jected from the transmission path 3, this module may be 
utilized as such a bidirectional transmission type WDM 
module that a bi-directional communication is available 
in the transmission path 1 . Similarly this module may be 
utilized as another bi-directional transmission type ro 
WDM module such that the light having the wavelength 
of XI is entered from the transmission path and then 
projected from the transmission path 2, and the light 
having the wavelength of %2 is entered from the trans- 
mission path 3 and then is projected from the transmis- 75 
sionpath 1. 

As previously described, in accordance with the 
waveguide type WDM module of the present invention, 
the portions of two sets of waveguides are merely 
approximated to each other, so that the WDM module 20 
can be constructed. Also, since the directional coupling 
type WDM unit is formed by employing such a structure 
that the incident light is reflected by the fitter located at 
a half of the complete coupling length with respect to 
wavelength XI, the length of the waveguide substrate 25 
can be made shorter than that of the conventional 
waveguide type WDM module, and can be made com- 
pact. Furthermore, a total quantity of waveguides 
formed on a single wafer can be increased, so that the 
module can be manufactured in low cost. Also, the mod- 30 
ule structure can be made in such a simple manner that 
the filter is adhered on the light waveguide substrate, 
and the optical ffoers are merely mounted in the V- 
shaped groove, so that the manufacturing yield of this 
WDM module can be practically increased. 35 

Next, a description will now be made of a 
waveguide type WDM module according to a second 
embodiment of the present invention. Fig. 5 schemati- 
cally shows a structure of the waveguide type WDM 
module according to the second embodiment of the 40 
present invention. 

In this second embodiment, a common waveguide 
1 1 owns a Y-branching unit 29 at a center thereof. The 
light branched by the Y-branching unit 29 is conducted 
to two sets of upper and lower wavelength multiplex- 45 
ing/demurtiplexing units 4 and 32, as shown in Fig. 5, 
respectively. In the WDM units 4 and 32, a similar opti- 
cal operation to that of Fig. 1 is carried out. 

First, effects of the upper-sided WDM unit 4 will be 
explained. This WDM unit 4 is cut away perpendicular to so 
the waveguide at a length equal to a half of the complete 
coupling length with respect to the light having the 
wavelength of XI. At an edge portion of a substrate 7, a 
filter 6 is arranged which may pass therethrough the 
light having the wavelength of X2 and may reflect the ss 
light having the wavelength of XI . 

Among the incident light conducted to the substrate 
edge portion, the light having the wavelength of X"\ is 
reflected by the filter 6 and thus can be completely 



transferred to the waveguide 1 2. The light transferred to 
the waveguide 12 is coupled to a light receiving element 
25 arranged at the edge portion 5 of the substrate 7. On 
the other hand, a light emitting element 28 is positioned 
in a right direction of the filter 6 arranged in the edge 
portion of the wavelength multiplexing/dmurtiplexing unit 
4. The light having the wavelength of A2 emitted from 
the light emitting element 28 is penetrated through the 
filter 6, and further is projected via the Y-branching unit 
29 from the common waveguide 8 to the transmission 
path ftoer 1. It should be noted that since a portion of 
this light is leaked to the side of the waveguide 12, a fil- 
ter 40 for blocking the light having the wavelength of X2 
is arranged at a prestage of the light receiving element 
25. With employment of the above-described structure, 
the transmission/reception module may be arranged, 
while using the light having the wavelength of X2 as the 
transmission light, and the light having the wavelength 
of XI as the reception light. 

Next, the structure of the lower light synthesiz- 
ing/separating unit 32 will now be explained. The lower 
wavelength multiplexing/demultiplexing unit 32 owns a 
similar structure to that of the previously explained 
upper WDM unit 4. However, the structure of this lower 
WDM unit 32 is opposite to that of the upper WDM unit 
4 with respect to the wavelength. That is, the lower 
WDM unit 32 is cut away perpendicular to the 
waveguide at a length equal to a half of the complete 
coupling length with respect to the light having the 
wavelength of X2. At the edge portion 5 of the substrate 
7, another filter 39 is arranged which may pass there- 
through the light having the wavelength of X*\ and may 
reflect the light having the wavelength of X2. 

Among the incident light conducted to the substrate 
edge portion 5, the light having the wavelength of XZ is 
reflected by the filter 30 and thus can be completely 
transferred to the waveguide 31 . The light transferred to 
the waveguide 31 is coupled to another light receiving 
element 26 arranged at the edge portion 5 of the sub- 
strate 7. On the other hand, another light emitting ele- 
ment 27 is positioned in a right direction of the filter 30 
arranged in the edge portion of the WDM unit 32. The 
light having the wavelength of Xt emitted from the light 
emitting element 27 is penetrated through the filter 30, 
and further is projected via the Y-branching unit 29 from 
the common waveguide 8 to the transmission path fiber 
1 . It should be noted that since a portion of this light is 
leaked to the side of the waveguide 31, a filter 41 for 
blocking the light having the wavelength of XI is 
arranged at a prestage of the light receiving element 26. 
With employment of the above-described structure, the 
transmission/reception module may be arranged, while 
using the light having the wavelength of X1 as the trans- 
mission light, and the light having the wavelength of X2 
as the reception light. 

Since these WDM units 4 and 32 are arranged on 
the upper and lower sides, it is possible to constitute a 
two-wavelength light transmission/reception module 
with the function to transmit/receive the signal light hav- 



5 



9 



EP0 778 478 A2 



10 



ing the wavelength of A,1 , and with the function to trans- 
mit/receive the signal light having the wavelength of A2. 
As previously explained, the reason why the wave- 
lengths of the light are inverted in the upper and lower 
WDM.units is such a fact that the light emitting elements 
27 and 28 having the wavelengths of A.1 and A2 are 
arranged on the right side, whereas the light receiving 
elements 25 and 26 are arranged on the left side, as 
viewed in Fig. 5. 

Since the light emitting elements are arranged 
opposite to the light receiving elements while sandwich- 
ing the waveguide substrate, the transmission unit and 
the reception unit can be arranged on each of both 
sides in the combined manner. In addition, such a sep- 
arate unit arrangement can prevent an occurrence of 
electric crosstalk from the transmission unit to the 
reception unit. Moreover, since the light emitting ele- 
ments 27 and 28 can be positioned close to each other, 
an array-shaped light emitting element maybe used. On 
the other hand, since the light receiving elements 25 
and 26 are arranged with sandwiching the common 
waveguide 8, the crosstalks occurred between the 
reception units can be reduced as much as possible. 

Subsequently, a description will now be made of a 
waveguide type WDM module according to a third 
embodiment of the present invention. Fig. 6 schemati- 
cally represents a structure of the waveguide type WDM 
module according to the third embodiment of the 
present invention. That is, the waveguide type WDM 
module of this third embodiment is equipped with a 
function such that signal light having three wavelengths 
is wavelength-multiplexed to be transmitted, or 
received. 

The structure of this third embodiment is featured 
by adding the WDM unit 4 to the above-explained struc- 
ture of Fig. 1 . A WDM unit 36 is cut away perpendicular 
to the waveguides at a position near equal to a half of 
complete coupling lengths with respect to the wave- 
lengths of A.1 and A2. The WDM unit 4 is cut away per- 
pendicular to the waveguide at a length equal to a half 
of the complete coupling length with respect to the light 
having the wavelength of A.1 . At an edge surface of the 
WDM unit 36, a filter 35 is arranged which may pass 
therethrough the light having the wavelength of A3 and 
may reflect the light having the wavelengths of A.1 and 
X2. At the edge surface of the WDM unit 4, the filter 6 is 
arranged which may pass therethrough the light having 
the wavelength of A2 and may reflect the light having the 
wavelength of A.1 . The optical fiber 34 is arranged so as 
to be coupled with the side of the waveguide 12 of the 
WDM unit 36, and further the optical f foer 1 0 is arranged 
so as to be coupled with the side of the waveguide 31 of 
the WDM unit 4. The optical fiber 9 is arranged in order 
to be coupled with the edge surface 5 of the waveguide 
31. 

The light with the wavelength of A3 entered from the 
transmission path 1 passes through the filter 35 and is 
entered into the transmission path 33. On the other 
hand, the light with the wavelengths of A.1 and X2 



entered from the transmission path 1 is reflected by the 
filter 35. Thereafter, the light having the wavelengths of 
M and A2 is completely transferred to the waveguide 1 2 
and then is conducted to the WDM unit 4. In this WDM 

5 unit 4, the light with the wavelength of A2 passes 
through the filter 6 to be entered into the transmission 
path 3. On the other hand, the light with the wavelength 
of A.1 is reflected by the filter 6 in this WDM unit 4, and 
then is completely transferred to the waveguide 31 , and 

to thereafter is entered into the transmission path 2. 

In accordance with the third embodiment, the three- 
wavelength WDM module is arranged. In this third 
embodiment, the light with the wavelength of A.1 is 
entered from the transmission path 2, the light with the 

is wavelength of A.2 is entered from the transmission path 
3, the light with the wavelength of A3 is entered from the 
transmission path 33, and the light having the wave- 
lengths of A.1 , A2 and A3 is projected from the transmis- 
sion path 1. 

20 Furthermore, a waveguide type WDM module 
according to a fourth embodiment of the present inven- 
tion will now be explained. Fig. 7 schematically indicates 
a structure of the waveguide type WDM module accord- 
ing to the fourth embodiment of the present invention. 

25 The waveguide type WDM module of this embodiment 
is equipped with a function to wavelength-multiplex sig- 
nal light with three wavelengths. In this fourth embodi- 
ment, it is so arranged that instead of the above- 
described optical fibers 9, 10, 34 in the third embodi- 

30 ment shown in Fig. 6, light receiving elements 25, 26, 37 
with the wavelengths of VI , X2, A3 are arranged. Also, a 
filter 42 for removing the signal light with the wave- 
lengths of A2 and A3 is arranged at a prestage of the 
light receiving element 25. 

35 Alternatively, instead of the light receiving elements 
25, 26, 37 employed in Fig. 7, light emitting elements 
27, 28, 38 which are capable of emitting light with wave- 
lengths corresponding thereto may be arranged to 
thereby constitute a three-wavelength light transmission 

40 module. 

While this invention has been described in connec- 
tion with certain preferred embodiments, it is to be 
understood that the subject matter encompassed by 
way of this invention is not to be limited to those specific 
45 embodiments. On the contrary, it is intended for the sub- 
ject matter of the invention to include all alternative 
modification and equivalents as can be included within 
the spirit and scope of the following claims. 

so Claims 

1 . A waveguide type wavelength multiplexing/demulti- 
plexing module comprising: 

55 a common waveguide for conducting first sig- 

nal light having a first wavelength and second 
signal light having a second wavelength; 

common light input/output means coupled to 
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said common waveguide; 

a substrate containing a wavelength multiplex- 
ing/demultiplexing unit for multiplexing/demulti- 
plexing said first signal light and said second 5 
signal light; 

a first waveguide for conducting said first signal 
light; 

w 

first light input/output means optically coupled 
to said first waveguide; and 

second light input/output means for input- 
ting/ouiputting said second signal light; is 
wherein: 

said light multiplexing/demultiplexing unit 
includes a directional coupling type wavelength 
multiplexing/demultiplexing device constituted 20 
by two sets of waveguides connected to said 
first waveguide and said common waveguide 
respectively; 

said directional coupling type light synthesiz- 25 
ing/separating device is comprised of: 

a first edge surface perpendicular to a 
waveguide for constituting a directional 
coupling unit at a position equal to a half of 30 
a complete coupling length with respect to 
said first signal light in said directional cou- 
pling unit; and 

wavelength selecting means arranged at 35 
said first edge surface, for reflecting said 
first signal light and for passing there- 
through said second signal light; and 

said second light input/output means is 40 
comprised of coupling means for optically 
being coupled to said second signal light at 
said first edge surface. 

2. A waveguide type wavelength multiplexing/demufti- 45 
piexing module as claimed in claim 1 wherein: 

said wavelength selecting means is an interfer- 
ence filter. 

so 

3. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 1 wherein: 

said first light input/output means, said second 
light input/output means, and said common 55 
light input/output means each contain a first 
optical fiber, a second optica] fiber, and a com- 
mon optical fiber. 



4. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 3 wherein: 

said substrate is a silicon substrate. 

5. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 4 wherein: 

said first waveguide, said second waveguide, 
said common waveguide, and said wavelength 
multiplexing/demultiplexing unit are made of 
silicon oxide. 

6. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 5 wherein: 

said substrate is comprised of a V-shaped 
groove for arranging therein said first optical 
fiber and said common optical fiber. 

7. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 1 wherein: 

said first light input/output means includes a 
light receiving element for receiving said first 
signal light having said first wavelength; and 

said second light input/output means includes 
a light emitting element for emitting said sec- 
ond signal light having said second wave- 
length. 

8. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 7 wherein: 

said first light input/output means includes an 
optical filter for blocking said second signal light 
having said second wavelength. 

9. A waveguide type wavelength uitiplexing/demulti- 
plexing module comprising: first wavelength murb- 
plexing/demuttiplexing means having a first 
common input/output waveguide formed on a sub- 
strate, for multiplexing/demultiplexing first signal 
light having a first wavelength and second signal 
light having a second wavelength; second wave- 
length murtiplexing/demultiplexing means having a 
second common input/output waveguide formed on 
said substrate, for multiplexing/demultiplexing third 
signal light having said first wavelength and fourth 
signal light having said second wavelength; a Y- 
branching unit formed on said substrate, for branch- 
ing/coupling said first input/output means and said 
second input/output means; a common waveguide 
connected to said Y-branching unit; and transmis- 
sion path light input/output means coupled to said 
common waveguide; wherein: 

said first wavelength multiplexing/demurtiplex- 
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ing means includes: 

a first wavelength multiplexing/demultiplexing 
unit for synthesizing/separating said first signal 
light and said second signal light; 5 

a first waveguide for conducting said first signal 
light having said first wavelength; 

first light input/output means optically coupled 10 
to said first waveguide; and 

second light input/output means for input- 
ting/outputting said second signal light; in 
which: is 

said first wavelength multiplexing/demultiplex- 
ing unit includes a directional coupling type 
wavelength multiplexing/demultiplexing device 
constituted by two sets of waveguides con- 20 
nected to said first waveguide and said first 
common waveguide respectively; said direc- 
tional coupling type wavelength multuplex- 
ing/demultiplexing device is comprised of: a 
first edge surface perpendicular to a waveguide 25 
for constituting a directional coupling unit at a 
position equal to a half of a complete coupling 
length with respect to said third signal light in 
said directional coupling unit; and first wave- 
length selecting means arranged at said first 30 
edge surface, for reflecting said first signal light 
and for passing therethrough said second sig- 
nal light; 

said second light input/output means is com- 35 
prised of coupling means for optically being 
coupled to said second signal light at said first 
edge surface; and wherein: 

said second wavelength multiplexing/demulti- 40 
plexing means includes: 

a second wavelength multiplexing/demultiplex- 
ing unit for multiplexing/demultiplexing said 
third signal light and said fourth signal light; 45 

a second waveguide for conducting said fourth 
signal light having said second wavelength; 

fourth light input/output means optically cou- so 
pled to said second waveguide; and 

third light input/output means for inputting/out- 
putting said third signal light; in which: 

ss 

said second wavelength multiplexing/demulti- 
plexing unit includes a directional coupling type 
wavelength multiplexing/demultiplexing device 
constituted by two sets of waveguides con- 



nected to said first waveguide and said first 
common waveguide respectively; said direc- 
tional coupling type wavelength multiplex- 
ing/demultiplexing device is comprised of: a 
second edge surface perpendicular to a 
waveguide for constituting a directional cou- 
pling unit at a position equal to a half of a com- 
plete coupling length with respect to said fourth 
signal light in said directional coupling unit; and 
second wavelength selecting means arranged 
at said second edge surface, for reflecting said 
fourth signal light and for passing therethrough 
said third signal light; and 

said third light input/output means is comprised 
of coupling means for optically being coupled 
to said third signal light at said second edge 
surface. 

10. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 9 wherein: 

said first wavelength selecting means and said 
second wavelength selecting means are inter- 
ference filters. 

11. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 9 wherein: 

said first light input/output means includes a 
light receiving element for receiving said first 
signal light having said first wavelength; 

said second light input/output means includes 
a light emitting element for emitting said sec- 
ond signal light having said second wave- 
length; 

said third light input/output means includes a 
light receiving element for receiving said fourth 
signal light having said second wavelength; 
and 

said fourth light input/output means includes a 
light emitting element for emitting said third sig- 
nal light having said first wavelength. 

12. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 1 1 wherein: 

said first light input/output means includes a 
first optical filter for blocking said signal light 
having said second wavelength; and 

said third light input/output means includes a 
second optical filter for blocking said signal light 
having said first wavelength. 

13. A waveguide type wavelength murtiplexing/demulti- 
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plexing module comprising: 

a common waveguide for conducting wave- 
length-multiplexed signal light containing first 
signal light having a first wavelength, second 5 
signal light having a second wavelength, and 
third signal light having a third wavelength; 

common light input/output means coupled to 
said common waveguide; w 



surface perpendicular to a waveguide for con- 
stituting a directional coupling unit at a position 
equal to a half of a complete coupling length 
with respect to said first signal light in said 
directional coupling unit; and second wave- 
length selecting means arranged at said sec- 
ond edge surface, for reflecting said first signal 
light and for passing therethrough said second 
signal light; and second light input/output 
means for coupling said second signal light. 



a first wavelength multiplexing/demultiplexing 
unit for selectively deriving said third signal 
light from said wavelength-multiplexed signal 
light and for coupling said derived third signal 75 
light to said third light input/output means; 

a second wavelength multiplexing/demultiplex- 
ing unit connected via a first waveguide to said 
first wavelength multiplexing/demultiplexing 20 
unit, for selectively deriving said second signal 
light from said wavelength-multiplexed signal 
light and for coupling said derived second sig- 
nal light to said light input/output means; and 

third light input/output means connected via a 
second waveguide to said second wavelength 
multiplexing/demultiplexing means and cou- 
pled with said first signal light; wherein: 

30 

said first wavelength multiplexing/demultiplex- 
ing unit includes a directional coupling type 
wavelength multiplexing/demultiplexing device 
constituted by two sets of waveguides con- 
nected to said first waveguide and said com- 35 
mon waveguide respectively; said directional 
coupling type wavelength multiplexing/demulti- 
plexing device is comprised of: a first edge sur- 
face perpendicular to a waveguide for 
constituting a directional coupling unit at a posi- 40 
tion equal to a half of a complete coupling 
length with respect to said first signal light, or 
said second signal light in said directional cou- 
pling unit; and first wavelength selecting means 
arranged at said first edge surface, for reflect- 45 
ing said first signal light and said second signal 
light and for passing therethrough said third 
signal light; and second light input/output 
means for coupling said third signal light; and 
wherein: so 

said second wavelength multiplexing/demulti- 
plexing unit includes a directional coupling type 
wavelength multiplexing/demultiplexing device 
constituted by two sets of waveguides con- 55 
nected to said first waveguide and said second 
waveguide respectively; said directional cou- 
pling type wavelength multiplexing/demultiplex- 
ing device is comprised of: a second edge 



14. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 13 wherein: 

said first wavelength selecting means and said 
second wavelength selecting means are inter- 
ference filters. 

15. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 14 wherein: 

said first light input/output means includes a 
light receiving element for receiving said first 
signal light having said first wavelength; 

said second light input/output means includes 
a light emitting element for emitting said sec- 
ond signal light having said second wave- 
length; and 

said third light input/output means includes a 
light receiving element for receiving said third 
signal light having the first wavelength. 

16. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 15 wherein: 

said first light input/output means includes an 
optical filter for blocking said second signal light 
and said third signal light. 

17. A waveguide type light synthesizing/separating 
module as claimed in claim 14 wherein: 

said first light input/output means, said second 
light input/output means, and said third light 
input/output means each include an optical 
fiber. 

18. A waveguide type wavelength multiplexing/demulti- 
plexing module as claimed in claim 17 wherein: 

said first light input/output means includes an 
optical filter for blocking said second signal light 
and said third signal light. 
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